Introduction
Ion-selective electrodes have been widely used in automating analyses for the potentiometric determination of traces as well as high concentrations of anions and cations. However, the use of electrodes for the routine and continuous monitoring of thiocyanate in 'environmental' water samples has not been fully considered. Recently, the author proposed an automated potentiometric determination of thiocyanate at the ppm level in water using an ion-selective electrode with liquid membrane ]. In that paper, thiocyanate ion-selective membranes were basically examined for electrodes utilising long-chain quaternary ammonium cations such as tetradecyldimethylbenzylammonium and methyltrioctylammonium ions as the exchange sites in order to automate the procedure for the routine analysis of thiocyanate at the ppm level in water.
However, an important additional requirement for such a procedure is that it should be easy to use, so that it would give precise results from a simply constructed apparatus.
Hence, the problem was to devise a system which met all these requirements. Furthermore, it would have to be cheap to manufacture, since there are practical advantages in building on a modular basis with one module dedicated to each analysis. In this paper therefore, the practical problems of automating the system using thiocyanate ion-selective electrodes and also the continuous monitoring of thiocyanate in industrial waste water are described. The feasibility of using thiocyanate ion-selective electrodes with solid and liquid membranes for this purpose are evaluated. Also discussed are methods for overcoming difficulties of electrode maintenance during continuous monitoring. The electrodes compared are a commercial bromide ion-selective electrode with silver bromide solid membrane (Toa Model BR-125, obtained from Toa Electronics Ltd, Japan) and a thiocyanate ion-selective with tetradecyldimethylbenzylammonium thiocyanate liquid membrane using 1,2-dichloroethane described in the previous work ].
Materials and methods
Thiocyanate ion-selective electrode with liquid membrane The liquid membrane containing an ion-associate formed between tetradecyldimethylbenzylammonium (zephiramine; obtained from Dojin Chemical Laboratories Co Ltd, Japan) and thiocyanate was prepared by extraction with 1,2-dichloroethane (DCE). The thiocyanate ion-selective electrode with liquid membrane was then prepared as follows [1] . 100 ml of a x 10 -a M sodium thiocyanate aqueous solution was transferred into a 500 ml separation funnel. 100 ml of x 10 -a M zephiramine (chloride) in DCE solution (obtained by directly dissolving 36.9 mg of dried zephiramine chloride [2 into 100 ml of DCE) was added and the resulting solution was shaken for 60 mins in an Iwaki Model KM shaker. The aqueous phase was discarded and the organic phase shaken *Present address: School of Engineering, Okayama University, Tsushima-naka, Okayama-shi, 700, Japan again with another 100 ml aliquot of the x 10 -a M sodium thiocyanate aqueous solution in order to purify it. After phase separation, the organic phase was filtered through a dry filter paper to remove droplets of water. The effect of pH on the liquid and solid membrane potentials was also examined. The pH was adjusted by using sulphuric acid and sodium hydroxide. The variations of pH had no effect on the membrane potentials over the pH ranges from to 13 and from 2 to 12 against the liquid or the solid membranes. However, both electrodes were found to be affected by a high ionic strength in the sample solutions.
The effect of temperature was examined and both electrodes were found to be affected by variations obtained was less than 5%, expressed as a relative standard deviation using a solid membrane electrode). It is concluded that the liquid membrane is superior to the solid membrane in this respect.
During continuous monitoring variations in pH had no effect on results. Accordingly, the pH of sample solutions need not be adjusted. Temperature should be accurately maintained at 25+0.5C to obtain satisfactory results.
Precision using the continuous monitoring process The precision of within-day and day-to-day results obtained with both electrode methods and a spectrophotometric method [3] (see Appendix) , is summarised in Table 2 . Furthermore, day-to-day and withinday precision obtained by the spectrophotometric method demonstrated the highest precision.
However, the author found no difference in precision using both electrodes for continuous monitoring because of poorer overall precision, whereas the spectrophotometric method in this study was considerably more precise on the batch work.
Continuous monitoring of the waste water samples
As shown in Figure 1, A typical example of the results for the continuous monitoring of the waste water sample was given in the previous paper [1] where the results obtained by using both the proposed liquid membrane electrode method and the spectrophotometric method [3] were compared in detail to evaluate the reliability of the electrode method as shown in Table 3 . The correlation coefficient between the electrode and spectrophotometric methods was found to be significant though the thiocyanate concentrations with the electrode method were a little higher than those with the spectrophotometric method because of a small positive In the liquid membrane electrode method described here, thiocyanate present as thiocyanate ion in such water samples could automatically be analysed without any interference from co-existing ions (at 5.8 ppm level of thiocyanate, less than 2000 ppm chloride and less than 6 ppm nitrate did not interfere with this determination as the error incurred was less than 6% which was the relative standard deviation of this method). But for water samples containing less than 8 ppm chloride and more than 6 ppm nitrate, a thiocyanate ion- As shown in Figure 1 , an ultrasonic wave cleaner was used to clean the electrode and its operating conditions were studied for the liquid and solid membrane thiocyanate ion-selective electrodes.
It was found that both electrodes were best cleaned by an ultrasonic wave cleaner in order to prevent contamination from suspended solids in waste water samples. When this method was not used, the electrodes had to be washed by a soft brush every day, whereas the electrodes could be used continuously for about three weeks when the ultrasonic wave cleaner was used.
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